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ABSTRAK 
Masalah malnutrisi menjadi satu ancaman yang hebat terhadap tahap kesihatan 
masyarakat dunia hari ini. Statistik menunjukkan bilangan kanak-kanak dan remaja yang 
mengalami kekurangan nutrisi dan lebihan nutrisi meningkat hari derni hari. Oleh itu, 
proses perancangan makanan yang betul dalam kalangan ahli perancang makanan dan 
pengendali kantin sangat penting untuk mengelakkan timbulnya masalah kesihatan yang 
berkaitan dengan pemakanan pada masa hadapan. Pengiraan perancangan makanan 
secara tradisional tidak dapat mengambil kira makronutrien dan mikronutrien pada masa 
yang sama kerana melibatkan data yang kompleks dan masa pengiraan yang panjang. 
Dalam kajian ini, teknik Hibrid Penyesuaian Algoritma Al-Kawarizmi (SHGA) telah 
diperkenalkan untuk menyelesaikan masalah perancangan makanan kepada pelajar 
Malaysia yang menuntut di sekolah berasrama penuh yang berumur antara 13 hingga 1 8 
tahun. Objektif model perancangan makanan penyelidik adalah untuk menggunakan 
sepenuhnya peruntukan yang disediakan kepada setiap pelajar, meningkatkan 
kepelbagaian dalam makanan harian, mengambil kira kebolehan pengendali kantin, dan 
memenuhi saranan pengambilan nutrisi yang ditetapkan (RNI). Kaedah pencarian 
setempat baru diperkenalkan dalam kajian ini, 'insertion search with delete-and-create ' 
(ISDC), yang menggabungkan kaedah 'insertion search ' (IS) dan kaedah 'delete-and- 
create' (DC). Perlaksanaan IS sahaja tidak dapat menjamin untuk menghasilkan 
penyelesaian yang boleh diterima memandangkan ia hanya menerokai kawasan jiran 
yang kecil sahaja. Oleh itu, kaedah ISDC disarankan untuk mengembangkan carian 
kepada kawasan jiran yang lebih luas dan keputusan menunjukkan kaedah yang 
diperkenalkan dapat menghasilkan 100% penyelesaian yang boleh diterima dengan nilai 
yang baik. Selain itu, perlaksanaan kaedah penyesuaian kebarangkalian untuk mutasi 
ialah secara signifikan mengurangkan masa pengiraan yang diarnbil untuk menghasilkan 
keputusan yang baik dalam beberapa minit sahaja. Teknik hibrid dengan kaedah 
pencarian setempat dan strategi penyesuaian telah meningkatkan prestasi kaedah tradisi 
algoritma Al-Kawarizmi melalui skema penerokaan dan eksplotasi yang seimbang. Pada 
akhir kajian, satu prototaip perancangan makanan dibangunkan untuk pengendali kantin 
supaya dapat menyediakan makanan harian yang sihat dan bernutrisi secara lebih efisien 
menggunakan antararnuka pengguna yang mudah dan mesra. 
ABSTRACT 
Malnutrition problem is the gravest single threat to the world's public health today. 
Statistics have showed that the number of under-nourished and over-nourished children 
and adolescents is increasing day by day. Thus, proper menu planning process among 
menu planners or caterers is important to avoid some diet-related diseases in the hture. 
Manual calculation of menu planning is unable to consider macronutrients and 
micronutrients simultaneously due to complexities of data and length of time. In this 
study, self-adaptive hybrid genetic algorithm (SHGA) approach has been proposed to 
solve the menu planning problem for Malaysian boarding school students aged 13 to 18 
years old. The objectives of our menu planning model are to optimize the budget 
allocation for each student, to take into consideration the caterer's ability, to l l f i l l  the 
standard recommended nutrient intake (RNI) and maximize the variety of daily meals. 
New local search was adopted in this study, the insertion search with delete-and-create 
(ISDC) method, which combined the insertion search (IS) and delete-and-create (DC) 
local search method. The implementation of IS itself could not guarantee the production 
of feasible solutions as it only explores a small neighborhood area. Thus, the ISDC was 
utilized to enhance the search towards a large neighborhood area and the results indicated 
that the proposed algorithm is able to produce 100% feasible solutions with the best 
fitness value. Besides that, implementation of self-adaptive probability for mutation has 
significantly minimized computational time taken to generate the good solutions in just 
few minutes. Hybridization technique of local search method and self-adaptive strategy 
have improved the performance of traditional genetic algorithm through balanced 
exploitation and exploration scheme. Finally, the present study has developed a menu 
planning prototype for caterers to provide healthy and nutritious daily meals using simple 
and fhendly user interface. 
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CHAPTER 1 
INTRODUCTION 
A healthy body needs sufficient nutrients fiom food that we eat every day. Eating 
more or less than what our body needs will lead to malnutrition (under-nutrition 
and over-nutrition). Malnutrition is defined as inadequate, excessive or imbalanced 
consumption of nutrients that are necessary for growth and development of the 
human body (Ge and Chang, 2001). The World Health Organization (WHO) cites 
malnutrition as the gravest single threat to the world's public health today (Silva et 
al., 2006). Although statistic from 1969 to 1995 showed a decreasing number of 
undernourished people around the world, the figure surprisingly increased sharply 
starting 1995 until 2009 (refer to Figure 1. I). 
Figure 1.1: Undernourished people around the world (FAO, 2009) 
The contents of 
the thesis is for 
internal user 
only 
REFERENCES 
Anderson, A.M. & Earle, M.D. (1983). Diet planning in the third world by linear 
and goal programming. Journal of Operation Research Society, 34(1), 9-16. 
Armstrong, R.D. & Sinha P. (1974). Application of quasi-Integer programming to 
the solution of menu planning problems with variable portion size. 
Management Science, 2 1 (4), 474. 
Awad, M., Chehdi, K. & Nasri, A. (2009). Multi-component image segmentation 
using a hybrid dynamic genetic algorithm and fuzzy C-means. IET Image 
Process, 3(2), 52-62. 
Back, T., Fogel, D.B. & Michalewincz, T. (2000). Evolutionary Computationl: 
Basic Algorithms and Operators. Institute of Physics Publishing, United 
Kingdom. 
Balakrishnan, J., Cheng, C.H., Conway, D.G., and Lau, C.M. (2003). A hybrid 
genetic algorithm for the dynamic plan layout problem. International 
Journal of Production Economics, 86, 107-1 20. 
Balintfy, J.L. (1964). Menu planning by computer. Communications of the ACM, 7 
(4), 255-259. 
Balintfy, J.L., Duffy, W.J. & Sinha, P. (1974). Modeling food preferences over 
time. Operation Researches, 22(4), 71 1-727. 
Balintfy, J.L. (1975). A mathematical programming system for food management 
applications. INTERFACES, 6 (1), 13-3 1. 
Balintfy, J.L., Ross, G.T., Sinha, P. & Zoltners, A.A. (1978). A mathematical 
programming system for preference and compatibility maximized menu 
planning and scheduling. Mathematical Programming, 15,63-76. 
Balintfy, J.L. (1979). The cost of decent subsistence. Management Science, 25 
(lo), 980. 
Balintfy, J.L., Rump, D. & Sinha, P. (1980). The effect of preference maximized 
menus on the consumption of school lunch. School Food Service Research 
Review, 4 (I), 48-53. 
Bassi, L.J. (1976). The diet problem revisited. The American Economist, 20 (2), 
35-39. 
Benson, P.H. (1960). A psychometric approach to predicting consumer preference. 
Personal Psychology, 13(1), 71 -80. 
Benson, P.H. & Morin, T.I. (1987). A bicriteria mathematical programming model 
for nutrition planning in developing nations. Management Science, 33(12), 
1593-1601. 
Berger, J. & Barkaoui, M. (2003). A new hybrid genetic algorithm for the 
capacitated vehicle routing problem. Journal of the Operational Research 
Society, 54, 1254- 1262. 
Bortfeldt, A. & Gehnng, H. (2001). A hybrid genetic algorithm for the container 
loading problem. Ellropean Jotirnal of Operational Research, 13 1, 143- 
161. 
Bui, T.N. & Moon, B.R. (1998). GRCA: A hybrid genetic algorithm for circuit 
ratio-cut partitioning. IEEE Transactions on Computer-aided Design of 
Integrated Circtiits and Systems, 7(3), 1 93 -204. 
Cadenas, J.M., Pelta, D.A., Pelta, H.R. & Verdegay, J.L. (2004). Application of 
fuzzy optimization to diet problems in Argentinean farms. European 
Journal of Operational Research, 158,2 18-228. 
Castrodeza, C., Lara, P. & Pefia, T. (2005). Multicriteria fractional model for feed 
formulation: economic, nutritional and environment criteria. Agrictilture 
Systems, 86,76-96. 
Chan, F.T.S., Chung, S.H. & Wadhwa, S. (2005). A hybrid genetic algorithm for 
production and distribution. Omega, 33, 345-355. 
Chappel, A.E. (1974). Linear programming cuts costs in production of animal 
feeds. Operational Research Quarterly, 25 (I), 19-26. 
Chee, Y. F., Roseline Yap, W. K. & Siti Sabariah, B. (2008). Weight status and 
dietary intake among female children and adolescents aged 6-17 years in 
welfare home, Kuala Lumpur. Malaysian Journal of Nutrition, 14(1), 79- 
89. 
Chinneck, John W. (2006). Practical optimization: A gentle introduction. 
Retrieved on 20 February 2007 at 
http://www.sce.carleton.ca~faculty/chinneck/po.html. 
Christina, P. (2006). Nutrition in the International Arena. Consumer Policy Review, 
16(2), 57-60. 
Colavita, C. & D'Orsi, R., (1990). Linear programming and pediatric dietetics. 
British Journal of Nutrition, 64, 307-3 17. 
Dantzig, George B., (1 990). The Diet Problem, INTERFACES, 20, 43-47. 
Dickinson, R. & Leader, S. (1 997). The role of television in the food choices of 1 1 - 
18 year olds. British Food Journal, 99(9), 346-35 1. 
Drummond, K.E. & Brefere, L.M. (2003). Nutrition for foodsewice and culinary 
professionals. John Wiley, Hoboken. 
Eckstein, E. (1970). Communication to the editor: Is the "Diet Problem" identical 
to the "Menu Planning Problem". Management Science, 16 (9), 527. 
Eiben A.E. & Smith, J.E. (1998). Introduction to Evolutionary Computing. 
Springer-Verlag Berlin Heidelberg, Gennany. 
El-Mihoub, T. A., Adrian A. H., Lars, N., and Alan, B. (2006). Hybrid genetic 
algorithms: A review. Engineering Letters, 13 (2). 
Essafi, I., Mati, Y. & Dauzkre-Perks, S. (2008). A genetic local search algorithm 
for minimizing total weighted tardiness in the job-shop scheduling problem. 
Computer & Operations Research, 35,2599-2616. 
Fletcher, L.R., Soden, P.M. & Zinober, A.S.I. (1994). Linear programming 
techniques for the construction of palatable human diets. The Journal ofthe 
Operational Research Society, 45(5), 489-496. 
Foo, L. H., Khor, G. L., Tee, E. S. & Dhanaraj, P. (2006). Dietary intake of 
adolescents in a rural fishing community in Tuaran district, Sabah. 
Malaysian Journal ofNutrition, 12(1), 1 1-2 1. 
Foytik, J. (1981). Devising and using a computerized diet: An exploratory study. 
The Journal of Consumer Affairs, 15 (1 ), 1 58. 
Gallenti, G. (1997). The Use of Computer for the analysis of input demand in farm 
management: A multi-criteria approach to the diet problem. First European 
Conference for Information Technology in Agriculture. 
Garille, S.G. & Gass, S.I. (2001). Stigler's Diet Problem Revisited. Operation 
Research, 49(1), 1-1 3. 
Gass, Saul I. & Assad, Arjang A. (2005). An Annotated Timeline of Operations 
Research: An Informal History. Kluwer Academic Publishers, United State 
of America. 
Gao, J., Sun, L. & Gen, M. (2008). A hybrid genetic and variable neighborhood 
descent algorithm for flexible job shop scheduling problems. Computers & 
Operations Research, 35, 2892-2907. 
Ge, K.Y. & Chang, S.Y. (2001). Definition and Measurement of Child 
Malnutrition. Biomed-Environ-Sci, 14(4), 283 -291. 
Gen, M., Cheng, R. & Lin, L. (2008). Network models and optimization: 
multiobjective genetic algorithm approach. Springer, London. 
Glen, J.J. (1980). A parametric programming method for beef cattle ration 
formulation. The Journal of the Operational Research Society, 3 1 (8), 689- 
698. 
Glen, J.J. (1986). A linear programming model for an integrated crop and intensive 
beef production enterprise. Journal of Operational Research Society, 37 
(5), 487-494. 
Goldberg, D.E. (1989). Genetic algorithms in search, optimization, and machine 
learning. Addison Wesley Longman, Inc., United States of America. 
Hadjiconstantinou, E. & Iori, M. (2007). A hybrid genetic algorithm for the two- 
dimensional single large object placement problem. European Journal of 
Operational Research, 183, 1 150-1 166. 
He, J., Chang, D., Mi, W. & Yan, W. (201 0). A hybrid parallel genetic algorithm 
for yard crane scheduling. Transportation Research Part E, 46, 136- 155. 
Hinterding, R. (1994). Mapping, order-independent genes and the knapsack 
problem. International Conference on Evolutionary Computation, 13- 17. 
James, T.L., Brown, E.C. & Keeling, K.B. (2007). A hybrid grouping genetic 
algorithm for the cell formation problem. Computers & Operations 
Research, 34, 2059-2079. 
Jean dit Bailleul, P., Rivest, J., Dubeau, F. & Pomar, C. (2001). Reducing nitrogen 
excretion in pigs by modifying the traditional least-cost formulation 
algorithm. Livestock Production Science, 72, 199-2 1 1. 
Kaldirim, E. & Kose, Z. (2006). Application of a multi-objective genetic algorithm 
to the modified diet problem. Genetic and Evolutionary Computation 
Conference (GECCO) '06, Istanbul Technical University, Turkey. 
Kahraman, A. & Seven, H. A. (2005). Healthy daily meal planner. Genetic and 
Evolutionary Compzltation Conference (GECCO) 2005, Washington, 
United State of America. 
Kashima, T., Matsumoto, S., Ishii, H. & Han, H. (2010). Decision support based on 
information system with fuzzy weights for menu planning. International 
Journal oflnnovative Computing, Information and Control, 6 ( I ) ,  323-334. 
Kock, H.C.D. & Sinclair, M. (1987). Multi-fix feedstock problems on 
microcomputers. Journal of Operational Research Society, 38 (7), 585-590. 
Kovacic, K.J. (1 995). Using common-sense knowledge for computer menu 
planning. PhD thesis, Case Western Reserve University. 
Lancaster, L.M. (1992(a)). The evolution of the diet model in managing food 
systems. INTERFACES, 22 ( 5 ) ,  59-68. 
Lancaster, L.M. (1992(b)). The history of the application of mathematical 
programming to menu planning. European Journal of Operational 
Research, 57, 339-347. 
Lara, P. & Romero, C. (1992). An interactive multigoal programming model for 
determining livestock rations: An application to dairy cows in Andalusia, 
Spain. Journal of Operational Research Society, 43 (1 O), 945-953. 
Lekhraj, R., Mohd Sidik, S., Rampal, S., Daniel, W. Y. J., Chow, P. L., Liew, J. S. 
& Shum, Y. S. (2007). Prevalence of overweight among secondary school 
students in Klang district, Selangor. Malaysian Journal ofNutrition, 13(1), 
1-8. 
Leung, P.S., Wanitprapha, K. & Quinn, L.A. (1 995). A recipe-based, diet-planning 
modeling system. British Journal ofNutrition, 74, 15 1-1 62. 
Lim, A. & Huang, G. (2006). A hybrid genetic algorithm for the three-index 
assignment problem. European Journal of Operational Research, 172,249- 
257. 
Magyar, G., Johnsson, M. & Nevalainen, 0. (2000). An adaptive hybrid genetic 
algorithm for the three-matching problem. IEEE Transactions on 
Evolutionary Computation, 4(2), 135-1 46. 
Mazumder, P. & Rudnick, E.M. (1999). Genetic Algorithms for VLSI Design, 
Layout & Test Automation. Prentice Hall PTR, United State of America. 
McCann-Rugg, M., White, G.P. & Endres, J.M. (1983). Using goal programming 
to improve the calculation of diabetic diets. Computers & Operations 
Research, 1 0(4), 365-373. 
Miao, L., Qi, Y., Hou, D., Dai, Y.H. & Shi, Y. (2008). A multi-objective hybrid 
genetic algorithm for energy saving task scheduling in CMP system. 
Systems, Man and Cybernetics, 197-201. 
Michalewicz, Zbigniew & Fogel, David B. (2000). How to solve it: modern 
heuristics, Springer-Verlag Berlin Heidelberg, Germany. 
Ministry of Health Malaysia. (2006). A Report of the Technical Working Group on 
Nutritional Guidelines. 
Misevicius, A. (2004). An improved hybrid genetic algorithm: New results for the 
quadratic assignment problem. Knowledge-Based Systems, 17,65-73. 
Mitani, K. & Nakayaina, H. (1 997). A multiobjective diet planning support system 
using the satisfying trade-off method. Journal of Multi-criteria Decision 
Analysis, 6, 13 1-1 39. 
Mitchell, M. (1998). An Introduction to Genetic Algorithms, London, England, The 
MIT Press. 
Munford, A.G. (1989). A microcomputer system for formulating animal diets 
which may involve liquid raw materials. European Journal of Operational 
Research, 41, 270-276. 
Munford, A.G. (1996). The use of iterative linear programming in practical 
applications of animal diet formulation. Mathematics and Computers in 
Simulation, 42,255-26 1. 
Noah, S.A., Abdullah, S.N., Shahar, S., Abdul-Halim, H., Khairudin, N., Yusoff, 
M., Ghazali, R., Mohd-Yusoff, N., Shafii, N.S. & Abdul-Manaf, Z. (2004). 
DietPal: A web-based dietary menu-generating and management system. 
Journal of Medical Internet Research, 6(1). 
Nutrition Society of Malaysia (2000). Healthy eating made easy with the 
Malaysian dietary guidelines. N~itri WEB Malaysia, http://nutriweb.org.my. 
Pan, C., Chen, W. & Yun, Y. (2008). Fault diagnostic method of power 
transformers based on hybrid genetic algorithm evolving wavelet neural 
network. IETElectronic Power Applied, 2(1), 71 -76. 
Panne, C. & Popp, W. (1963). Minimum-cost feed under probabilistic protein 
constraints. Management Science, 9 (3), 405-430. 
Park, Y.B. (2001). A hybrid genetic algorithm for the vehicle scheduling problem 
with due times and time deadlines. International Journal of Production 
Economics, 73, 175-1 88. 
Polimeno, F., Rehman, T., Neal, H. & Yates, M. (1999). Integrating the use of 
linear and dynamic programming methods for dairy cow diet formulation. 
The Journal of the Operational Research Society, 50 (9), 93 1-942. 
Pomar, C., Dubeau, F., Letourneau-Montminy, M.P., Boucher, C. & Julien, P.O. 
(2007). Reducing phosphorus concentration in pig diets by adding an 
environmental objective to the traditional feed formulation algorithm. 
Livestock Science, 1 1 1, 16-27. 
Raidl, G.R. (1 998). An improved genetic algorithm for the multiconstrained 0- 1 
knapsack problem. Proceeding of the 5'" IEEE International Confirence on 
Evolutionary Computation. 
Ramli, R. (2004). An evolutionary algorithm for the nurse scheduling problem with 
circadian rhythms. Ph.D Thesis, Universiti Utara Malaysia. 
RNI (2005). Recommended Nutrient Intakes for Malaysia. A Report of the 
Technical Working Group on Nutritional Guidelines, National 
Coordinating Committee on Food and Nutrition, Ministry of Health 
Malaysia, Putrajaya. 
Romero, C. & Rehman, T. (1984). A note on diet planning in the third world by 
linear and goal programming. The Journal of the Operational Research 
Society, 35 (6), 555-558. 
Roush, W.B., Stock, R.H., Cravener, T.L. & D'Alfonso, T.H. (1994). Using 
chance-constrained programming for animal feed formulation at Agway. 
INTERFACES, 24 (2), 53-58. 
Seljak, B. K. (2009). Computer-based dietary menu planning. Journal of Food 
Composition and Analysis, 22,414-420. 
Shaftel, T.L. & Wilson, B.M, (1990). A mixed-integer linear programming 
decision model for aquaculture. Managerial and Decision Economics, 11 (2), 
31-38. 
Sidik, S.M. & Ahrnad, R. (2004). Childhood obesity: Contributing factors, 
consequences and intervention. Malaysian Journal Nutrition, 10(1), 13-22. 
Siegel, P.S. & Pilgrim, F.J. (1958). The effect of monotony on the acceptance of 
food. American Journal of Psychology, 71,756-759. 
Silberberg, E. (1985). Nutrition and the demand for tastes. Journal of Political 
Economy, 93 (5). 
Silva, J.M., Zamarripa, S., Moran, E.B., Tentori, M., and Galicia, L. (2006). 
Promoting a Healthy Lifestyle Through a Virtual Specialist Solution. In 
Proceeding of Conference on Human Factors in Computing Systems, 22-27 
April, Montreal, Quebec, Canada. 
Sklan, D. & Dariel, I. (1 993). Diet planning for humans using mixed-integer linear 
programming. British Journal of Nutrition, 70, 27-35. 
Smith, V.E. (1959). Linear programming models for the determination of palatable 
human diets. Journal ofFarm Economics, 41, 272-283. 
Smith, V.E. (1963). Electronic computations of human diets, Michigan State 
University Press, East Lansing, MI. 
Smith, V.E. (1974). A diet model with protein quality variable. Management 
Science, 20, 97 1-980. 
Sorof J. & Daniels S. (2002). Obesity hypertension in children: A problem of 
epidemic proportions. American Heart Association, 40 (4), 44.1 -447. 
Srinivas, M. & Patnaik, L.M. (1994). Adaptive probabilities of crossover and 
mutation in genetic algorithms. IEEE Transactions on System, Man and 
Cybernetics, 24(4), 656-667. 
Stigler, G.L. (1945). The cost of subsistence. Journal ofFarm Economics, 27, 303- 
3 14. 
Tee, E.S., Mohd Ismail, N., Mohd Nasir, A. & Khatijah, I. (2002). Nutrient 
Composition ofMalaysian Foods, Ed. 4, Kuala Lumpur, Malaysia, Institute 
for Medical Research. 
The State of Food Insecurity in the World, (2009). Food and Agriculture 
organization of the United Nations. Rome, Italy. 
Tozer, P.R & Stokes, J.R. (2001). A multi-objective programming approach to feed 
ration balancing and nutrient management. Agriculture Systems, 67, 201 - 
215. 
Tseng, Lin-Yu & Lin, Ya-Tai. (2009). A hybrid genetic local search algorithm for 
the permutation flowshop scheduling problem. European Journal of 
Operational Research, 198, 84-92 
Tseng, Lin-Yu & Lin, Ya-Tai. (2010). A hybrid genetic algorithm for no-wait flow 
shop scheduling problem. International Journal Production Economics. 
Turner, J.J., Kelly, J. & McKenna, K. (2006). Food for thought: parents7 
perspectives of child influence. British Food Journal, 108(3), 18 1-1 9 1. 
Valdez-Peiia, H. & MartTnez-Alfaro, H. (2003). Menu planning using the exchange 
diet system, Monterrey, N. L. Mexico. 
Wang, L. (2005). A hybrid genetic algorithm-neural network strategy for 
simulation optimization. Applied Mathematics and Computation, 170, 1329- 
1343. 
Wang, L., Zhang, L. & Zheng, D.Z. (2006). An effective hybrid genetic algorithm 
for flow shop scheduling with limited buffers. Computers & Operations 
Research, 3 3,2960-297 1. 
Wei, L. & Zhao, M. (2005). A niche hybrid genetic algorithm for global 
optimization of continuous multimodal function. Applied Mathematics and 
Computation, 160,649-66 1. 
Westrich, B.J., Altmann, M.A. & Potthoff, S.J. (1998). Minnesota's Nutrition 
Coordinating Center uses mathematical optimization to estimate food 
nutrient values. INTERFACES, 28 (5), 86-99. 
Yang, J., Cui, G. & Hu, X. (2007). Self-adapted hybrid genetic algorithm for job 
scheduling of distributed manufacturing system. Bio-inspired Computing: 
Theories and Applications, 70-73. 
Yuan, Q., He, Z. & Leng, H. (2008). A hybrid genetic algorithm for a class of 
global optimization problems with box constraints. Applied Mathematics 
and Computation, 197, 924-929. 
Yun, Y., Moon, C. & Kim, D. (2009). Hybrid genetic algorithm with adaptive local 
search scheme for solving multistage-based supply chain problems. 
Computers & Industrial Engineering, 56, 82 1-83 8. 
Zellner, G. (1970). Food acceptance vs. serving frequency. Hospitals, 44,75-81. 
Zhang, F. & Roush, W.B. (2001). Multiple-objective (goal) programming model 
for feed formulation: An example for reducing nutrient variation. Poultry 
Science, 8 1, 182- 192. 
Zhang, J., Chung, H.S.H. & Lo, W.L. (2007). Clustering-based adaptive crossover 
and mutation probabilities for genetic algorithms. IEEE Transactions on 
Evolutionary Computation, 11(3), 326-335. 
Zhang, Y., Li, X. & Wang, Q. (2009). Hybrid genetic algorithm for permutation 
flow shop scheduling problems with total flowtime minimization. European 
Journal of Operational Research, 196, 869-876. 
Zhou, C.H., Xie, A.S., Xu, X.W., Zhou, B.H. & Feng, Z. (2009). A self-adaptive 
hybrid genetic algorithm for data mining applications. FiJih International 
Conference on Natural Computation, 344-35 1. 
Zioganas, C. (1981). Least-cost feed rations for sheep by linear programming. 
Ph.D Thesis, Wye College-University of London. 
